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Laser Diodes

(2=1082 nm)

LFIB'S monomode fibres

The AMS-02 Tracker Alignment System Layout
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Laser beam access throught silicon ladders

Nominally the laser
roads are 6mm wide.
So there are approx.
Imm wide margins

__________________________________

e ‘ on either side of the
e —— ) = beams.
— A substantial effort is
i ot needed to fire the
R — laser at the right
angle wrt the tracker
structure.

Thursday, October 8, 2009



Laser beam access throught silicon ladders

Si Geometry AMS-02 with
alignment rays fired from beamports LBBX #n
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Laser beam access throught silicon ladders

Installation of ladders on support planes

Thermal bars installed on external planes

optical fibre
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Alignment silicon sensors

Si ,,Ladders*

antireflective areas

Laser beam(s)
*1082 nm

*0.5 mm diam
0.5 mrad div.
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System electronics schematic

« The Laser Electronics is located in M-Crate
* |t consists of 6 boards:
— 5 LDDR (laser diode driver)
— 1LCTL (trigger distribution)
« Each LDDR drives two laser diodes
« The Laser system is controlled by two USCMs
 There are 3 additional modules in M-Crate

— 1xGPS module
— 2xXASTE

USCMT
USCM2
GPSE
ASTE
ASTP
LDDR1
LODR2
LDDR3
LODR4
LDDRS
LCTL
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System electronic schematic
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System electronics schematic
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System electronics schematic
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System electronics schematic

« Power consumption of LDDR:
— digital part: +5V@ 170 mA
— analogue part: +5V@  from almost 0 to 200 mA
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Laser Signals seen by the Tracker

Typical AMS-2 laser single event signal as seen on silicon a wafer.

L.aser beams

Laser Signal Amplitude (ADC counts)

[ ] | | | | | | | | | | | | | | | | | | | |
12.4 12.6 12.8 13 13.2 13.4
Y-coordinate (cm)

The beam position is obtained performing a gaussian fit to
the detected cluster on the ladder.
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System features

TAS properties Low power laser diodes

Light weight (4 k

ight weight (4 kg) 100 nJ pulses are sufficent
Low power (< 0.1 W) for observing signals in
Fast data taking (20s) 8 successive layer

Highly accurate (< Sum)

Thursday, October 8, 2009
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System features

The Tracker Alignment System (TAS) generates laser energy from ten
independent laser diodes, pairs of the diodes contained within five
Laser Fiber Coupler (LFCR) boxes.

This energy is generated by Eagleyard EYP-RWL-1083 infrared (1082
nm) laser diodes with a maximum power output of 80 mW.

Each laser diode will emit at a maximum 1 kHz interval with a
maximum of 8 us pulse duration when operating.

Each laser diode’s emissions are split into four output fibers, each with
approximately one quarter of the total power output.

The operation of the TAS consists of less than 1% of the AMS-02
operational time.

The LFCR boxes are light tight and can not release any laser emissions
with the exception of the fiber ports where laser emission are nominal
design features.

Thursday, October 8, 2009 18



System features

Laser light sources generated within five light tight boxes exterior to
the Tracker, mounted to the M-Frame (TRD M-Structure).

Each box contains two lasers diodes that can operate at:
* 1082 nm

* 1.0 kiloHertz pulse frequency max
* 8.0 microsecond maximum pulse duration.

 830mW continuous operation power (not an operations mode
supported on AMS-02)

Within each laser source box, the emissions from the two laser diodes
are split into four beams, each with approximately 20mW of power if the
lasers were to be continuously powered.

Each of these split beams is guided by a single fiber matched and
bundled and taken to a FC-type connector.

Internal optics misalignment or fault results in no laser emission through
fiber and contained beam.

Thursday, October 8, 2009 19



System features

Outside of the box fiber optics cables connected with a FC-type
connectors contain and direct the laser energy, with a single fiber per
split beam.

All fibers route the laser energy from each box to the interior of the
Tracker.

The fibers are split between the top and bottom (w.r.t. the Tracker) and
terminate at five beam ports on each of the 2 Tracker outer planes.

Each beam port (LBBX) takes the energy from four fibers and directs it
along the central axis of the Tracker to illuminate the silicon sensors.

Tracker volume is design to be light tight, including shielded vents
that preclude exterior light from entering, or interior laser sources
from exiting.

Tracker Structure acts as beam stop if misalignment occurs.

Thursday, October 8, 2009 20



System features

Rupture/breakage of fiber path:

System is design to minimize the potential for breakage (clad,
jacketed and armored fibers that are bundled within a sleeve).

Thursday, October 8, 2009

21



System features

Ridge Waveguide Laser

GaAs Semiconductor Laser Diode
Characteristics at T, 25°C

Parameter Symbol Unit | min| typ [ max |Measurement Condition
Center Wavelength he nm 1070] 1080 | 1090
Spectral Width (FWHM) A nm 1
Temp. Coeff. of Wavelength TC, nm/K 0.4

Output Power P opt m\V 80

Slope Efficiency Na W/A | 05 0.7
Threshold Current I mA 20 30
Operational Current @ 80 mW lop mA 100 130
Cavity Length |l Hm 750
Divergence paralle! (FWHM) Q| ? 10
Divergence perpendicular (FWHM) 0, ? 40
Polarization TE

Mode Structure

Fundamental Mode

Thursday, October 8, 2009
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AMS-02 Laser Diode Output Classification

EYP-RWL-1083
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AMS-02 tracker alignment control system (TAS)

document for

phase Il AMS Safety report
MS-word TAS_sysSaf v2.1  181kB

v2.1 30-Jul-2005

in response to information request #51

of the Phase |l action item list
(AMS-02_TIM_Safety Act#B4F7E xIs)

Author - W. Wallraff AMS-RWTH-Aachen
1.Physikalisches Institut Ib
e-mail wallraff@physik.rwth-aachen.de

0 Document overview

The introduction describes the purpose and the basic operation principles of TAS

1
2 The TAS system components and their layout are introduced
20 System geometry
2.1 Laser beam parameters
22 Laser beam port box LBBX
2.3 Fibres LFIB
24 Laser fibre coupler LFCR
241 Laser diode
2472 diode fibre coupling optics
243 fibre splitter
244 optical output connectors
245 electrical input connectors
25 Laser diode driver (LDDR in M-Crate)
3 The IR radiation levels ** updated July 2005 ***
3.1 TAS Laser power basics
3.2 Maximum Permissible Exposure Data (ANSI Z136.1)
3.3 Summary MPE
4 Figures
5 Appendices
51 KSC authorization for AMS-01 TAS Laser utilization (1998)
52 AMS-01 TAS Laser safety document (1997)
1 Introduction

With the AMS-02 Si-Detector charged particle tracks are traced at 8 space points in a 1 m?® size B-field to

an accuracy of better than 10um in the most important axis perpendicular to the main component of the
field.

.ﬂ>m|m<mmmql<m.~_
W. Wallraff AMS RWTH-Aachen 2005-07-31
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The AMS tracker has to cope with a wide range of environmental conditions. Of major concern are the

vibrations during the transport before deployment and the rapid periodic changes of the detector
temperature due to solar radiation and cooling while in the shadow of Earth.

The Tracker Alignment Control System (TAS) provides optically generated signals in the 8 layers of the Si
- Tracker, that mimic straight (infinite rigidity) tracks. It has been shown with AMS-01 [1, 2, 3], that these
artificial straight tracks allow to follow up changes of the tracker geometry with a position (angular)
accuracy of better than 5 pm (2 prad).

The AMS approach to Si-tracker alignment control using IR laser beams fulfills the requirements of a
space born experiment:

Light weight ( 4 kg)

Low power (<100mW peak, ca. Tm\W averaged)

Proven as being safe in use both on ground and in space

Fast, autonomous and low overhead operation (< 1% of tracker running time)

Precision exceeding the tracker resolution (8um) with a small number (<100) of laser
shots

B WON -

The particle tracker and the TAS use the same Si-sensors both for particle detection and alignment beam
recording. The TAS can generate position control data within seconds at regular time intervals (4 — 6 /
orbit), for example while the ISS flies into the shadow of Earth or coming back into the sunlight.

The realization of the TAS is based on:

The experience gained with AMS-01
2 A series of rigorous space qualification (thermal, vacuum, vibration) tests
(most at the 1. Physikalisches Institut 1h, RWTH Aachen, Aachen, Germany)

3 The use of space flight compliant components
4 The application of documented space flight compliant working procedures at our
manufacturer
2 TAS system components

After an overview of the system geometry (2.0) the description of the TAS starts with the beams (2.1) as
they are used for alignment control. This is followed by the optical components (LBBX; 2.2) that deliver the
beams into the tracker volume. Then the fibres (LFIB; 2.3) delivering the optical signal to the LBBX are
described. We continue with the generation of the optical signal and its coupling into the fibres (LFCR,
2.4). We finish with an overview of the driving electronics (LDDR, 2.5).

2.0 TAS geometry

The AMSO02 - tracker is equipped with 2 x 10 pairs of alignment control beams (altogether 40, ). 2
pairs of alignment beams originate in each of the 5 beam port boxes (LBBX) on both of the outer tracker

plates (#1 and #5). Both upward and downward going beams use the same roads defined by the anti-
reflective areas on the Si and the cutouts in the ladder cladding

TAS has 10 laser diodes mounted in pairs inside the Laser fibre nocc_oa (LFCR). The optical output of

one laser diode is split equally on four output fibres. The parameters of the driving signals are individually
controlled for each diode. While operating in space no more than 2 diodes are operated concurrently.

2.1 Laser beam parameters

The wave length (lambda = 1082nm) of these beams has been chosen such as to penetrate all § Si
detector layers of the tracker at once. At this wavelength only a small fraction (approx. 10% / 300 ym Si)
of the generated photons are absorbed. The effective transparency of the Si (approx. 50%) is however

dominated by the amount of the surface fraction not covered with Al (traces) for contacting the readout
electrodes.

4>w|m<mmmﬂl<m_
W. Wallraff AMS RWTH-Aachen 2005-07-31

26

Thursday, October 8, 2009



The beams are circular (radius <.7 mm) and have small divergence (¢ < 1 mrad). The requirement on
parallelism (¢ < 5 mrad) is set by the diameter of the openings for the roads (7 mm) in the Si ladder
shields and the ladder mounting precision.

As we have LBBX on both ends of the roads these are terminated and no IR radiation can directly escape
from the tracker volume (for electrical reasons the tracker volume is Qmm_@:ma for light tightness such that
no scattered IR beams can exit the volume). From layer to layer The signal |5 is attenuated by a factor of 2
due to the optical properties of the Si, i.e. after 8 layers the remaining intensity will be 4 107 lo.

Connected to the driver circuit F_uo_& the lasers can only be pulsed. With the best possible control of all
coupling losses the maximum pulse energy per beam (at the LBBX output port) will be 30 nJ. Judging by
the experience from recent laboratory tests we expect to run at 8 nJ or less. The Si response is strongly
temperature dependent. In consequence we will adjust the diode pulse current at low ambient temperature
such that the signal remains sufficient for analysis. Repetition rates are limited by the capacity of the
tracker readout system to 1 kHz.

2.2 Laser beam port boxes (LBBX's)

The beams enter the tracker volume through the bottom of the beam port boxes LBBX's

mounted on the outer face of the two outer tracker support plates Four (2x2) optical fibres
connect to each LBBX. The divergent fibre outputs are collimated by Qo_og_o: optics (parallel to the
tracker endplate surface) at each of the 4 input ports. The beams are redirected perpendicularly into the
tracker volume by the mirrored surfaces of the 2 quadrilateral prisms at the center of the LBBX

It is mandatory that the beams remain inside a cylindrical tube of 6 mm diameter and 1 m length nmaoaa
on each of the output ports.

LBBX bodies are made from standard Aluminum (AISi1MgMn - AW 6082). Lens- and mirror - holders are
fabricated from “German Silver” Cu Ni12 Zn24 (Ns 6512). The manufacturer will provide documentation
about the materials used for the lenses and the mirrors (typical transverse dimensions 3mm, typical mass
100mg).

LBBX are fixed into a recess with 3 M2.5 screws to the upper / lower flange of the tracker (for
details see tracker drawings). The weight of a LBBX (without fibres connected) is <40g.

2.3 Laser fibres (LFIB’s)

The fibres do run from the LBBX's to the rim of the tracker plate at (x=0, y= -700), where they
are held in small patchpanels (LFIB- Pc holding subminiaturized fibre connectors ( < 5g
/connection). At the upper tracker plate (#1) connecting fibres run directly from this transition point to the
Laser Fibre Couplers (LFCR). These will have to be installed after tracker insertion into the magnet bore
(and TCCS preparations) and before the mounting of the upper ToF-TRD assembly. At the lower tracker
plate (#5) the connecting fibres have to be in place before tracker and ACC insertion.

Fibres are of the Corning HI 1060RC type with cladding (diameter 0.08 mm) and jacket (diameter 0.165
mm). They are “armed” with Nylon (diameter 0.9 mm). Beside the subminiature connection at the tracker
flange rim we use standard fibre connectors (FC). Vendor specific details will be provided by our
manufacturer. For routing fibres (4 — 8) will be bundled in standard braided installation sleeves and fixed
with tie wraps to cable fixation points (see fig. 6). The bending radius for individual fibres / fibrebundles
must exceed 20 mm / 40 mm. At their LFCR end the LFIB's pass through the MLI enclosure of the TRD.

24 Laser fibre couplers (LFCR’s)

There are 5 Laser fibre couplers mounted as a block against the lower x=0,-y node of the TRD M-
structure Each coupler houses 2 diode coupling units and 2 4-fold splitters. The total weight of
the 5 couplers 15 < 1500g. The fixation scheme (4 bolts M3 / LFCR) has been checked by Aachen
engineering (report available).

LFCR bodies are made from standard Aluminum (AISiiMgMn - AW 6082). Lens- and mirror - holders are
fabricated from “German Silver” Cu Ni12 Zn24 (Ns 6512). The manufacturer will provide documentation
about the materials used for the lenses (typical transverse dimensions 6mm, typical mass 750mg).

All glass parts are enclosed (coupling optics). The fibres including the splitters are cladded and jacketed
as all our fibres.

TAS sysSaf v2.1
<<.<<m__8m>_<_m_u<<41->mosm: Moomoww_
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The are several venting pathways (gaps in covers, optical connectors, etc.). During the vacuum test
(Aachen, spring 2005) venting speeds will be tested (Vol. < 200 cm’).

241

242

243

244

245

2.5

Laser diodes

We use Eagleyard EYP-RWL-1083 Laser diodes with 80mW max. output power. The diodes are
mounted in a standard windowed TO-9 package. The driving current is limited to 100mA at
typically 2 Volt. This Laser belongs to category 3b (a detailed account of safety aspects is given in
section 3).

Diode fibre coupling optics

The coupling optics adapts the (rotationally asymmetric) diode emission pattern to the
acceptance of the signal transporting fibre (core diameter 6.0 pm). In addition to a perfect optics
design a reliably adjustable diode position is essential for achieving high (>60%) coupling
efficiency. Furthermore optical back-termination is required for preventing diode damage through
back-reflection in the fibres. The AMS-02 design by Schéafter & Kirchhoff is derived from the
design successfully used with AMS-01 (see appendix 5.2). Besides of intensive tests in Aachen
the current design has been used with other (ESA) ISS experiments.

Fibre splitters

The fibre splitters provide a highly stable equipartitioning of the optical output power of a single
Laser diode into 4 outputs. The splitters are delicate in handling. Therefore they have been
incorporated into the LFCR. Both input and output lines of the splitters are coiled up

and fixed to the body of the LFCR

Optical output connectors

The splitters end in FC type optical feedthroughs (fig. 8/9). There will be fibres (LFIB) connected
to each of the 8 output connectors.

The maximum output energy per connector per pulse will be 55 nJ (in order to be able to deliver
32 nJ in spite of the unavoidable coupling losses between the LFCR output and the LBBX output).

Electrical input connectors

The switched diode driving current comes come from the laser diode driver (LODR, = ) housed
in the M-crate. The connector will use the standard d-sub 9 format

Laser Diode Drivers (LDDR’s)

The Laser diodes are driven from a pulsed current source specifically designed to suppress spikes in the
driving current. The pulse width can be set in steps of 0.5 ps from 0.5 ps to 8.0 ps. Rise/fall time are
typically 60 ns. The output current (<200 mA) can be set with 8 bit resolution. All Control is through the
USCM'’s via the M-crate backplane. The development of the LDDR [4] is approaching the construction of a
set qualification modules The M-crate houses 5 LDDR’s (2 current sources each) serving the
5 LFCR’s. The output cables run from the front panels of the LDDR’s to the LFCR’s mounted on the M-
structure carrying the TRD. These cables have to pass the MLI of the TRD.

W. Wallraff AMS RWTH-Aachen 2005-07-

TAS sysSaf <ww H“
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3 The IR radiation levels

3.1. TAS laser power basics

1. The LFCR diode EYP-RWL-1083 operated at the maximum(tracker DAQ) LDDR setting
delivers an average power of

Pavg = Pew * duty factor
=80+ 10°W+8+107(4+107) =400 (200) uW

duty factornax = rep rate « pulse length = 1000 s'+810°s=8+10"
(duty factorpsg = rep rate « pulse length = 1000 s <4 10°s=4+107)

max. pulse energy at diode window:
Wouse = Payg/ rep rate =400 nJ

max. pulse energy at a single LBBX output (1 laser diode feeds 4 beams on different
LBBX):

Wheam = Wpuize * Neoupler * :wn:nmm. 4 * Mec* Nec * Nissx

=400nJ «06+094-085+085-08=312nd

with 1; being the transfer efficiency at the various transitions in the light transport system
(FC connector, LBBX beamport, etc.., these values can be achieved with careful adjust-
ments, but they are somewhat smaller than the theoretical limits)

In ANSI Z136.1-2000 the power limits for a class 3b laser
are defined as follows :

a) Pow (1.05um < A < 1.40um) < 125« 107 W
b) Pawg (1.05um < A< 1.15um) < 500« 10° W
c) Wouse (1.05um <A < 1.4um) < 125+ 107 J

Hence the design safety factor of TAS at the beamport (LBBX) output is :

d) Wouise iy Wigeam = 125« \_O-m\w\_.w «10% = 441 Om

2. general position measurement related laser power aspects:

The pulse length for alignment runs in space will be adapted to the tracker readout
integration time (3 — 4ps) hence shorter than the maximum possible (8 ps) from the
LDDR. For example the generation of a 22 mip equivalent signal in the AMS Si plane 1(8)
(farthest from the LBBX on plate 5 (1)) requires an energy of approximately 15 nJ out of
the beamport. Since the laser beam is ca. 1.4 mm in diameter the maximum signal strip
then receives approximately 2.5(5) mips on the y (x) side.

Far above the read out noise the position measurement precision is proportional to the
square root of the product of the pulse energy wpuse and the number of pulses n, . In
consequence the alignment pulse energy can be traded with the number of pulses n,
observed.

._.>m|m<mmmﬂ|<m.~_
W. Wallraff AMS RWTH-Aachen 2005-07-31
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3.2, Maximum Permissible Exposure data

(adapted from ANSI Z2136.1,

see example 11 in appendix B3 of the 2000 edition as well as
examples 4, 19 in the appendix of the 1993 edition)

1. (see ANSI Z.136.1-2000, tables 5a, 6; figs 4, 8a,

for 1083nm pulses of < 4us duration with 1 kHz rep. rate |
the AMS02 case)

(repetitive pulse limit Eq. B10)

MPE / Pulse =n"™e5.Cc+10%J/cm?
=05 E | cm?
(1).n =f+T=1000s"+10s = 10°
(2). Ce =1 (see table 6)
2. MPE(cumulative) =n-+ MPE/ nc_wm
=5mJ/cm?
3. average radiance = MPE(cumulative)/T
=05mW /cm?
4. estimated Nominal Hazard Zones

(Nominal Ocular Hazard Distance, minimum distance for safe working)
(1). direct viewing
(a). at a LBBX output

€ pex = Imrad Q_<m6o:om AL ssx = 1.4 mm diameter)
[(1.27 * W peam / (MPE / Pulse) - msmx 210 eLgx
[(1.27 * 0.031 pJ /(0.5pJlcm?) - 0.14° vs_ 100

=243 m

'NOHD

(b). from an open LFCR output (or broken LFIB)
(see fibre specs,
s =0.15 rad Q_<m6o:8 a s = 0.006 mm diameter)
I'NOHD = — 1 .27 *w oulse / A_<=um / _u:_wmv aLFe” v:mu ELFIB o
=[(1.27 0.4 pJ + 0.6 +0.9/4 / (0.5pJlcm?) - 0.0006%)%1/0.15

=25¢cm
(c). at the diode window
(see diode specs,
£diode = 0.5 rad 9<m6o:8 Agioge = 0.020 mm diameter)

inoro = [(1.27 * W oyee / (MPE [ PulSe) - agoge” )™ 1/ € doce
= [(1.27 » 0.4 pJ / (0.5pJicm?) - 0.0027)"*1/ 0.5
=2.0cm

TAS sysSaf v2.1
W. Wallraff AMS RWTH-Aachen 2005-07-31
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3.3. Summary Maximum Permissible Exposure data
The data shown in the preceding subsections do clearly demonstrate that AMS TAS
power levels are far below the limiting levels imposed by ANSI Z.136.1 (see 3.1.1.d).
The TAS IR radiation is completely contained under all conceivable circumstances. The
system s designed such that it is gracefully degrading even in cases were sub-
components are destroyed (broken fibres etc.) during handling in the shuttle or on ISS.
Furthermore TAS is generally active for only 1% of the AMS data-taking.
The highest power densities occur in the tracker volume itself (see 3.2.4.1.a), which is a
closed light tight inaccessible sub-volume of the AMS-02 experiment. At these small direct
viewing power levels we have not evaluated the indirect (i.e. reflected) intensities.
Each of the LBBX that deliver the IR beams is controlled separately and its output is
monitored by the signals from the Si-detectors, so the proper function of this component is
permanently checked.
Due to the optical properties of our fibres there is no risk in case of a fibre rupture beyond
the limits of a tiny keep out zone (see 3.2.4.1.b) with radius rygsp = Tinch.
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5 Appendices (file KSC&LASSAF_AMS1a.pdf)
In order to help engineers unfamiliar with AMS Laser use in understanding the background of IR
Laser use at AMS-02 havealookat 5 of the essential documents exchanged between the
collaboration and NASA in 1949//8
5.1 NASA Laser use authorization for AMS-01 (pages KSC1 - KSC3) , issued Feb. 18 1998 at KSC
15 weeks before STS-91 lift-off.
2.2 AMS-01 Laser system description,
outline of laser based procedures,
ground support equipment for work at KSC,
authorization requests for potential Laser operators,
dated Sep. 4 1997, submitted 17 weeks after feasibility had been proven and 6 weeks before
AMS-01 TAS was installed at ETH Zurich (pages AMS01_1 - AMS01_28)
TAS sysSaf v2.1
W. Wallraff AMS RWTH-Aachen 2005-07-31
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40 Optical fibers
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04.10.2006 Schafter + Kirchhoff

LFIB No. 01 - 20

Fiber Cables for TAS at AMS-2, RWTH-Aachen

Fiber Cables

Fiber Type Corning HIT1060, 5.9/125/250 um
Cable Lengths 5000 mm
Connector Type Diamond HPC-S0.66/M, Type FC-PC, core-centered < 0.5 ym
Return Loss > 50 dB

Measurement

After installation to the tracker the transmisstion of the fiber cables are measured, -z -> +z:

Source: Schafter +Kirchhoff 51nanoFCM-1084 with Faraday isolator,
splitter, output port 4, output power 2,57 yW
Detector: Newport 818-SL/CM at Newport Model 840-C

Thursday, October 8, 2009
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Data
Cable Connector at Tracker -z Connector at Tracker +z Measurement
Code Insertion Loss Code Insertion Loss| Transmission| 1L
No. |Color code |B/7903327000... dB B/7903327000... dB dB
1 SSS 37 -0.1 38 -0.14 0.96 -0.19
2 SSr 35 -0.19 36 -0.11 0.95 -0.23
S Ssg 40 -0.12 39 -0.13 0.91 -0.43
4 Srs 41 -0.14 42 -0.17 0.95 -0.21
Ly srr 43 -0.17 44 -0.11 0.94 -0.28
6 srg 45 -0.21 46 -017 0.95 -0.24
/ Sgs 50 -0.09 49 -0.25 0.92 -0.35
8 sqr 03 -0.2 04 -0.18 0.95 -0.21
9 sgg 02 -0.2 01 017 0.94 -0.26
10 Iss 05 -0.18 06 -0.17 0.95 -0.23
11 rsr 07 -0.18 08 -0.19 0.95 -0.21
12 rsg 10 -0.08 09 -0.11 0.94 -0.26
13 s 12 -0.07 11 -0.06 0.94 -0.26
14 rrr 16 -0.09 15 -0.12 0.95 -0.21
15 g 22 -0.05 21 -0.07 0.93 -0.33
16 rgs 26 -0.07 25 -0.08 0.93 -0.3
17 rgr 24 -0.14 e -0.06 0.95 -0.23
18 rqg 30 -0.07 29 -0.12 0.94 -0.28
19 gss 31 -0.09 32 -0.12 0.95 -0.21
20 gsr 34 -0.18 33 -0.15 0.93 -0.3
8
£

| Schifter + Kirchhoff GmbH

Kieler Str. 212, D-22525 Hamburg - Tel: +49 (0)40 8539970 -

Fax: +49 (0)40853997 79 -

eMail: info@SuKHamburg.de - Web: http//www.SuKHamburg. de

Thursday, October 8, 2009

39



Thursday, October 8, 2009

40



Protosol LEBX. % Ut 2

. Schiifter + Kirchhoff 2

LBBX Unit 2
Beam Port Box for TAS at AMS-2, RWTH-Aachen

'Nomenclature

Prism 2.B

In21

_Fiber Cables
Fiber Type Corning HI1060, 5.9/125/250 um
Cable Length 700 mm
Connector Type Diamond HPC-S0.66/M, Type FC-PC, core-centered < 0.5 um
'Test Fiber Cables
Input Port Cable Number Connector Insertion Loss  Connector Return Loss
2.1 B690051100003 -0.16 dB > 50 ¢B
22 B690051100020 -0.02 dB > 50 ¢B
23 B690051100021 0.1 dB > 50 0B
2.4 B690051100022 -0.05 dB > 50 ¢B
Prisms I
Prism No The asterix denotes if the prism is mount reversly.
2.A Pg*
2.B Pa*
'Test LBBX: Beam Deviation |

Target (1:1 drawing of LBBX housing) with laser
spots in 800 mm distance seen in opposit direction
10 propagation of beams. Mark @ on the right side.
Circumcircle 6 mm. Reference for offset is nominal
position, respectively.

N
@
y

Beam Offsetx Offsety Anglex Angley
[mm] [mm] [mrad] [mrad]
241 3.29 -0.23 5.48 -0.38
22 -2.50 -1.68 416 -2.80
23 -3.11 Q.15 -5.19 0.25
24 2.88 -1.36 4.81 -2.26
EEE Schifter + Kirchhoff GmbH

Ko Stralie 212, D-22525 Haminrg - Tel: +49 (040 853 567 0 - Fax: +49 (0)40 853 597 70 - eMsl: info@SuFamburg de - Web: hiipbwww SukHs=burg de

Laser beam port
boxes (LBBX)
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Laser beam port boxes (LBBX)

20¢cm

H

D.M A

5

110002
.1dg

Beamport box (without optics) mounted in a CFC pocket in plate 1 (specimen)
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Laser beam port boxes (LBBX)

fibres

OD 0.9 mm

(including sleeve)

125

125

.,—/:.: £ 2 ”l(
40

W. Wallraff AMS RWTH-AAchen

Fig. 30of9
AMS TAS beamport boxes

4 fibres each

mounted on outer plates (1, 5)

55°boxes / plate

preseries (QMII)

of flight boxes

will be delivered

% e : : % before Jan 31,2005
jE‘,:‘:‘ N0 %0 %000, 4 ‘1L trial mounting and
1 %8 1L L optics test on plate 1
1 SN :L];_fi.wl at GVA planned
2004-12.05
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Laser beam port boxes (LBBX)
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LLBBX on the outer Tracker Plane

LBBX (EM)

protruding 9mm
above the the
'Ltracker outer plates
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LBBX Beam Profiles |,.......uomsisim 105
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LBBX#4: Laser beam profiles at the distance of 10 cm
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Beam proflles IN CCD

LBBX#4: Laser beam profiles at the distance of 10 cm
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Position of beam center

Center(X) of Beam [mm]

Center(Y) of Beam [mm)]

Port 1 (A = +1.70E:03) © = -0.756-02°
Port 2 (A = -1.26E.03) © = -7.23E-02°
Port 3 (A = -3.406-03) © = - 1.95E-01 °

Port 4 (A = -3 59€.03) © = -2.06E-01°
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L B Bx B ea m P rOfi I es file=Photos/2008/5/15/img_1014.jpg
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LBBX#1: Laser beam profiles at the distance of 10 cm

Thursday, October 8, 2009



Beam profiles in CCD

oun Poxt Pt =
.-

Beam Width = 60 pixel x 6.42 um/pixel = 350 um




Position of beam center
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LBBX: Vibration Setup

m

-

LBBX Unit#1 and Unit #4: Passive Vibration (6.8 g, X-Y-Z direction)
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TVT Set-up

LBBX04
\»f\\

e

Fig. 2 TVT setup LBBX on aluminium

........
''''''
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TVT LBBX_130608.1Xt

Time [g8]

6.00€-06 40.C0
4 20.00
5 00E-06 - -
+ 20.C0
4 00E-06
+ 10.C0
s —
Q
£ 3.00E-06 e
= -
Q
+ 0.00
2 00E.08 4
+-10.00
1.00E-0¢
T -20.00
C.OOE+00 T T T T T T T T '30.:'0
0 50000 100000 150000 200000 250000 200000 250000 400000 450000

e PT

——T LBBX
TCU
TAL

Fig. 1 TVT setup LBBX01 & LBBX04

P T = pressure 1n tank

T CU = Temperature on copper plate
T AL = T aluminium

TLBBX =T LBBXO01
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osition of beam center

Before SQ Test
LBBX 4 —&— Pont1(A=-323E.03) ©=.1856.01'
—f3— Port2(A=-193E.03)0=.111E.01"
20 - 1 | ] 1 1 | I 1 ] | 1 P
L Port 3(A=-213E03) & =1 22E.01
E 18 — ——&8—— Portd (A =-164E.03) © = .0 38E.02"
- - _a z
= 14 | —
© = \ter TVT After Vibration
8 12 :_ e PO 1 (A = -3.29E.03) © = .1 8SE.01° -=3-= Port1(A=.328E.03)0=.188E.01
- 10 :_ m Port 2 (A = .2.00E.03) & = .1 14E.01° - =f3-- Port2({A=.200E.03) ©=.115£.01
(o} = Port 3 (A = .2.236-03) © = -1 28E.01" Port 3 (A = .2.24E-03) © = -1 28E.01"
'>? 8 - ol Port 4 (A = .1.76E.03) © = .1.01E.01" =G-— Porld(A=.174E.03) O = .0,96E.02"
~— 6 [
h b
'9‘ 4 o ———— %
c = - ‘—-—.—‘_‘__ _-{’g__—— .
S 2| —F—T
o : 3 4 | ) 3 ) | 3 3 4 3 | 1 ) ) | 1 1 =1
0 200 400 600 800 1000 1200
Distance between LBBX to Camera [mm)]
Before SQ Test
—&—  Port 1(A=8.10E-05)© = 929E-03"
-5~ Port 2 (A = -6.37E-04) ©® = -7 29E-02"
20 oy T | T T T | T T T T P
™~ = Port 3 (A = 2.46E-04) © = 2. 82E-02
g 18 | — ——5— Port4(A=-121E-03) © = -1.38E-01"
[ 16 : After TVT After Vibration
E = Do Port 1{A = 1.97E-04) © = 225E-02° O Port 1 (A = 2.18E-04) © = 2.50E-02"
© 14 P o Port 2(A=-TS51E-04) O = -861E.02" 03 Port 2 (A = -7.32E-04) © = -8 39E-02"
8 12 — Port 3 (A = 2.51E-04) © = 2.87E-02° Port 3 (A = 2.70E-04) © = 3.10E-02°
P o Port4 (A = -1.34E-03) © = -1 53E.01" g Port 4 (A =-1.31E-03) ©® = -1 50E-01"
o 10 = _,_%_ : - - e ]
s -G z — < ) v a
= 8 |- : e
~ = - - A -y
(~— S el e —— ]
e e
u — —
c 4 — =
Q = =
Q 2 =
0 P 2 3 | 1 I I | 1 2 3 I | 1 I 1 | 4 3 =y
0 200 400 600 800 1000 1200

Distance between LBBX to Camera [mm]

Thursday, October 8, 2009



Distance of beam center in pairs

Before SQ Test
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Position of beam center
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Distance of beam center in pairs
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Laser Fiber Coupler (LFCR)

Diode Fiber
Couplers

At low (<-30°C)
temperature the
laser power 1s
only 40 % from

what 1s available
above 10° C

The optical power
reserve based on the

Mdiode performance and
the pulsing system can
ope with this variation
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Laser Fiber Coupler (LFCR)

The fibres inside the FC

Dalla  sensor support y ( connectors have to align with very |
’ high precision (< 1pum) <

T\ &aser & contro

&hotodlode cﬁ. tor \‘hol | <
, Jl L e N total LFCR

- 1nterna ﬁbre sup!, i ‘ 2 ' weight : 350g

ifiXation hole fixation hole .

— 4

EM to QM: 30%
weight reduction
by improvement
of mech. design

LFCR frame (QM) with 1 coupler and no splitters
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Laser Fiber Coupler (LFCR)

— ——
i — BT ¢
&

| B S
b ‘Dallas sensors

Diagnostics

Driver
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Laser Fiber Coupler (LFCR)
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Laser Fiber Coupler (LFCR)
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Laser Fiber Coupler (LFCR)

LFCR electro optical compone
dimensions mm

fibre output
hegligible loss, o
bending radius > 20mm
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TAS LFCR's will be mounted on
the lower -y beam of the TRD
M-structure (inside MLI):

Fig. 50of 9
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02.05 2008 Schafter + Kirchhoff =

LFCR Unit 1
Laser Fiber Coupler for TAS at AMS-2, RWTH-Aachen

Nomenclature

The upper laser diode and splice coupler
(Pos. 0) i1s related to the lower (left) connector
array (Array 0) and vice versa.

Pos.( 10 - — | G
O, T —P — A - -
g = ® L
Pos. 11 2 o o Array |
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Laser Diodes

Eagleyard Measurement
No. iy [MA] lgomw [MA] slope [W/A] Igp=. [MA] lop [MA] | Peolimatss [MW] Port
714 23 113 0.86 95.00 16.00 54.40 1
715 19 110 0.86 91.80 14.00 51.50 2
For more information on the laser diodes see data sheet Eagleyard
Test LFCR
Unit | Position | Port LD Coupler | Fiber | PImW] | Fiber No. | PImW] | Kabel
714 1.1 6.30 1100009 5.2
20 uA 12 7.40 1100012 6.45
Pos 1 Port 1 95 A F306000 o T T A5 BL/BR
14 6.30 1100009 5.13
: Summe | 25.20 21.28
Unit1 715 21 540 1100011 47
Pos0 |Pot2 Ll 2 F305601 22 >-10 1100008 245 /SW
T 91.8 mA 23 5.40 1100010 47
& 24 6.00 1100005 5.6
-
= Summe 21.90 19.45
<
S
a

:Schifter + Kirchhoff GmbH

Celsiusweg 15, D-22781 Hamburg - Tel: +48 (040 853 887 0 - Fax: +48 (0)40 850 27 27 - eMail: info@ SukKHamburg.de - Web: hitp:/lwww.SuHamburg.de

For more information on splice coupler data sheet FOC
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[ 1) o %@
03.05.2006 Schafter + Kirchhoff ===
LFCR Unit 2
Laser Fiber Coupler for TAS at AMS-2, RWTH-Aachen

Nomenclature

Array 10 Array i1

04 ~_

0.3 —|

The upper laser diode and splice coupler

(Pos. 0) i1s related to the lower (left) connector
array (Array 0) and vice versa.

®

Pos.( 11 A s— S5 Array(l
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Laser Diodes

Eagleyard Measurement
No. lih [MA] Igomw [MA] slope [W/A] Igge, [MA] l=p [MA] | Peglimatse [MW] Port
716 18 103 0.92 86.00 16.00 53.10 3
717 19 103 0.92 86.20 14.00 52.00 <
For more information on the laser diodes see data sheet Eagleyard
Test LFCR
Unit | Position | Port LD Coupler | Fiber | PImWI] | Fiber No. | PImW] | Kabel
716 3.1 5.70
20uA 32 5.10
Port 3 F305845
FOR:] 86mA 33 6.20 Cora
34 6.10
_ Summe 23.10 0
L 717 41 7.00
Pos 0 | Ports | HA F306370 Se o /SW
t 86,2mA 43 6.20
& 44 4.60
- Summe 23.80 0
3
G
a

For more information on splice coupler data sheet FOC

. Schifter + Kirchhoff GmbH
Celsiusweg 15, D-22781 Hamburg - Tel: +48 (040 853 887 0 - Fax: +48 (0)40 350 27 27 - eMail: info@ SukKHamburg.de - Web: hitp:/'www.SuHamburg.de
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01.10.2007 Schafter + Kirchhoff ==

LFCR Unit 3

Laser Fiber Coupler for TAS at AMS-2, RWTH-Aachen

Nomenclature

The upper laser diode and splice coupler
(Pos. 0) is related to the lower (left) connector
array (Array 0) and vice versa.

Pos. 0 : ' m— gy ! Array 1

Pos. 1 e — ol Array 0
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Laser Diodes

Eagleyard Measurement
No. Ik [MA] lgomw [MA] slope [W/A] Igpe. [MA] l=p [MA] Peoliimated [MW] Port
703 19 104 0.91 87.00 16.00 50.30 5
704 19 104 0.92 87.00 16.00 51.60 6
For more information on the laser diodes see data sheet Eagleyard
Test LFCR
Unit | Position | Port LD Coupler | Fiber | PImW] | Fiber No. | PImW] | Kabel
703 5.1 5.50
5.2 4.90
Port 3 F013889
SO 87mA 5.3 450 A
5.4 6.40
_ Summe 21.30 0
s 704 6.1 5.90
Pos0 | Port4 F013889 oc 2 /SW
2 & 87mA 6.3 5.90
T 6.4 5.80
- Summe 22.90 0
g
o
a

For more information on splice coupler data sheet FOC

.~ Schifter + Kirchhoff GmbH
Kieler Str. 212, 0-22525 Hamburg - Tel: +42 (0)40 2853 987 C - Fax: +40 (040 853 227 78 - eMall: info@SukKHamburg de - Web: hitp://iwww. SukKHamburg.de
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01.10.2007

Schafter + Kirchhofft

[ =
Emi

LFCR Unit 4

Laser Fiber Coupler for TAS at AMS-2, RWTH-Aachen

Nomenclature

Array 0 Array 1

The upper laser diode and splice coupler
(Pos. 0) is related to the lower (left) connector
array (Array 0) and vice versa.

Pos. 0

=)
DO -—®
]
O

Pos. 1 T

®
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Laser Diodes

Eagleyard Measurement
No. l:h [MA] lsomw [MA] slope [W/A] lgg=. [MA] l=p [MA] Peolimated [MW] Port
705 22 109 0.89 91.60 16.00 50.20 é
706 20 111 0.86 92.80 15.00 51.50 8
For more information on the laser diodes see data sheet Eagleyard
Test LFCR
Unit | Position | Port LD Coupler | Fiber | PImW] | Fiber No. | PImW] | Kabel
705 71 5.80
7.2 5.70
Port 7 F0133883
Pos 1 91,6mA 7.3 5.70 e
7.4 6.30
; Summe 23.50 0
SIS 706 8.1 7.10
Pos0 | Ports F013891 == S /SW
Z ME Moz.8ma 83 5.80
i 8.4 7.20
- Summe 25.80 0
<
o
a

For more information on splice coupler data sheet FOC

- Schifter + Kirchhoff GmbH
Kieler Str. 212, D-22525 Hamburg - Tel: +49 (0)20 853 887 O - Fax: +48 (040 8532 207 78 - eMal: info@ SukKHamburg de - Web: hitp:/www. SuKHamburg.de
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20.11.2007 Schafter + Kirchhoff

=

%
.

¥

_
I

LFCR Unit 5

Laser Fiber Coupler for TAS at AMS-2, RWTH-Aachen

Nomenclature

The upper laser diode and splice coupler

(Pos. 0) is related to the lower (left) connector
array (Array 0) and vice versa.

Pos.[10 v — 5 Array

- @O -
N et
Pos. 1 A I e O @ Array |
g :
!
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Laser Diodes

Eagleyard Measurement
No. l:h [MA] Igomw [MA] slope [W/A] Igge, [MA] l=p [MA] | Peglimated [MW] Port
709 22 111 0.86 93.20 14.00 50.10 9
710 21 107 0.89 89.80 15.00 50.10 10
For more information on the laser diodes see data sheet Eagleyard
Test LFCR
Unit | Position | Port LD Coupler | Fiber | PImW] | Fiber No. | PImW] | Kabel
709 9.1 5.50
9.2 5.20
Port 9 F013884
HORG! 93.2mA 9.3 5.70
9.4 5.90
. Summe 22.30 0
SIS 710 10.1 6.50
Pos 0 [Pori10 F013885 = ki ISW
c 39.3mA 10.3 5.90
i 10.4 7.40
= Summe 25.20 0
3 . : ;
g For more information on splice coupler data sheet FOC

. Schifter + Kirchhoff GmbH

Kieler Str. 212, 0-22525 Hamburg - Tel: +49 (0)20 853 987 0 - Fax: +48 (040 853 987 78 - eMail: info@SuKHamburg.de - Web: hitp:/’www.SuKHamburg.de
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20.11.2007

Schafter + Kirchhoff

|

LFCR Unit 6

Laser Fiber Coupler for TAS at AMS-2, RWTH-Aachen

Nomenclature

The upper laser diode and splice coupler
(Pos. 0) is related to the lower (left) connector
array (Array 0) and vice versa.

Pos. 0 > 1 il : |

Pos.1 | e

or

0
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Laser Diodes

For more information on splice coupler data sheet FOC

Eagleyard Measurement
No. Ik [MA] lgomw [MA] slope [W/A] Igpe. [MA] l=p [MA] Peoliimated [MW] Port
711 20 105 0.91 88.00 15.00 48.00 11
712 21 107 0.9 89.80 15.00 48.30 12
For more information on the laser diodes see data sheet Eagleyard
Test LFCR
Unit | Position | Port LD Coupler | Fiber | P ImWI | Fiber No. | PImWI] | Kabel
711 11.1 6.20
11.2 5.70
Port 11 FO0133886
Eoal 88mA 11.3 6.05
114 6.70
. Summe 24.65 0
Hnia 712 12.1 5.50
Pos 0 |[Port12 F013887 L oo /ISW
¥ 5 89 8mA 12.3 5.60
T 12.4 4.90
= Summe 22.40 0
g
O
a

- Schifter + Kirchhoff GmbH
Kieler Str. 212, 0-22525 Hamburg - Tel: +40 (0)20 853 987 C - Fax: +48 (040 853 287 72 - eMail: info@SukKHamburg de - Web: hitp:/fwww. SukKHamburg.de
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Schafter+Kirchhoff?

14.03.2008 ChK OPTICS, METROLOGY, AND PHOTONICS
Ad #46141 BRWITH Aachen

LFCR Unit 3, Steckerfacetten

FBS Pos0 _Ouths FBS Pos0 _Oulb

FBS Pos0O _Out/ FBS Pos0O Out8
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FBS_Pos1_Outs

FBS_Pos1_Out7/
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7- Measurement
eagleyard
Descriptien of the Laser Type
EYP-RWL-1080-00080-0750-SOT01-0000
Specitic Data of the Diode Laser
Charge 022084 Diode 051207
(0887/1105)
Header SOT Header Numbar BA719
A at 80mW/nm 1078.37  Stripe Width/um 3
Threshold Current/mA 19 Slopel! WIA 0.92
Temperature/'C 25

Mode Structure
Laser Class 3B safety standard

Hagoer (rear visw).

http/'www eagleyard.com

fundamental mode

Shipment:

Packed.

Signature:

1 & NG 205

Page 102}

Thursday, October 8, 2009

86



) Measurement
{eagieyard Results

PHMOTONIC =S

Data of the Doce Laser

Charge 022084 Diode 051207
(0S87/1105)
Header SOT Header Number BAT719

Ums.

P-l-cheracienistic

20 3 T T Y T —_ed
el 19 mA Y= 25°C
804 wmeomw 105 mA i L15
{ Slope 082 WA 1
704 o 20 .“Av
Vmo..\\.\‘ ) -
= >
Mﬂom -\\\\t\wsww 'Aow
a " L m e
3 o
m&ou. \l\‘\. .llo w » ““,
A \ & Los
204 L5
3 —_— Power ‘ N
104 —  Pnoto Current R = 100002,
3 — R
0 — T ' . T - 0 0.0
0 20 AT €0 g0 100
Current | ImA
Spectrum
T T 12 Y ey L4 Y - L4
10 1 T=25"C
1 L 10738 37 nm
20 4 P =58 mV
) -
D 404
o d
2
R 504
1
H0

aa -

L L L L] - ] 1] T T T
1074 1075 1076 1077 1078 41079 1080 1081 1082 1083
waveleng? 2 ) nm

Page 2{2)
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%1& Measurement

ot aet 58 W €25 NE 1 1 6B Results

Descripton of the Laser Type

EYP-RWL-1080-00080-0750-SOT01-0000

Specfic Data of the Dicde Laser:

Charge 022084 Dicde 051206
(0987/1105)

Header SOT Header Number BA718

A at 80mW/nm 1077.39  Stripe Width/um 3

Threshold Current/mA 22 Slepe/ WIA 0.85

Temperature/*C 25

Mode Structure fundamental mode
Laser Class 3B safety standard

HER0 (1881 vew)

Shipmem

Packed 2L 8

Signature: ....m...&:}i..-v. .

http.//www. eagleyard com Page 1(2)

88

Thursday, October 8, 2009



Measurement
A eagleyard Results

PHMOTOMNICS

Data of the Dicde Laser

Charge 022084 Diode 051206
(0887/1105)
Header SOT Header Number BA718

Data

Pl-characienisic

00 v T v T T v T T Nm.
Ith 2 mA T=25°C :
80 1@somw 114 mA \_. L 1.5
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/ 0 n M
260 21 =
R~ >
m \/\\\\ M5 m - Ql-
W 50 = e —
> u
F 40 = m,
5 108 5
" a0 9o =
@ [0S
20 -5
— PONGr ' !
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Ammm_m<mITQ Measurement

PHOTOMNICE S

Cescniption of the Laser Type

EYP-RWL-1080-00080-0750-SOT01-0000

Speacific Data of the Diode Laser

Charge 022084 Diode
(0S87/1105)
Header SOT Header Number
» at 80mW/nm 1077.79  Stripe Width/um
Threshold Current/mA 15 Slope/ W/A
Temperature/°C
Mode Structure fundamental m

Laser Class 3B safety standard

Heacar (rear view)

irar

el

Shipment

Packed.
Signature: ..

hitp:/ivwww eagleyard.com

Results

051205

BA717

0.92
25

ode

2L NS s

. .h_.s_, dhc. .

Page 1{2)

90
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- Measurement
{eagleyard Results

PO TONIESs

Cota of e Do Lase

Charge 022084 Diode 051205
(0987/1105)
Header SOT Header Number BAT17
Data
Pd-characiesalx
<0 - . . . 26
im 19 mA T=25°C
B0 )geomwW 103 mA \ 15
o 4 Shope o WA —
03 s 1
. 3 ER [
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N
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Page 212)
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Q =i Measurement

BMOTONICS Results

Descrigtion of the Laser Type

EYP-RWL-1080-00080-0750-SOT01-0000

Specic Owta of 1he Dode Laser

Charge 022084 Diode 051203
(0887/1105)

Header SOT Header Number BAT16

A at B0mWinm 1077.76  Stripe Width/um 3

Threshold Current/mA 18 Siope! WIA 0.92

Temperatura™C 25

Mode Structure fundamental mede
Laser Class 3B safety standard

Moapder (par viem):

 hrownd

Shpmant

Packed: 1l M8

\ ! .
Signature; .., YWY

hitp.//weny eagleyard.com

b *.)
\T.rar,.:
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Measurement

Amom_gm.rn_ Results

MO TaNYE -

Dwta of e Dodie Laser

Charge 022084 Diode 051203
(0S87/1105)
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Dty
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s - . v 25
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A"/ Measurement
eaqglevard
uIM4 o<z.nn Results
Description of 1he Laser Type
EYP-RWL-1080-00080-0750-SOT01-0000

Spechc Data of the Dwade Laser

Charge 022084 Dioge 051202

(09B7/1105)

Header SOT Header Number BAT715

» at 80mW/nm 1079.88 Strpe Width/um 3

Threshold Current/méA, 18 Slope/ WIA 085

Mode Structure
Laser Class 38 safety standard

HeQ2a1 1Rl waw)

http://wew eagleyard com

Temperature/*C 25

fundamental mode

Shpmert

Packed: 1 ‘" '8

Signature: .u\(fhrﬁr G

Page 102
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Measurement
Aomm.m,‘ma Results

PO TOMNIQD

Uata of e Dodes Lase
Charge 022084 Dicde 051202
(0887/11085)
Header SOT Header Number BAT7T1S5
Dan
Fd.charactiersic
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- Measurement
eagleyard
:IM4az.nu Results
Dascription of tte Lasar Type
EYP-RWL-1080-00080-0750-SOT01-0000
Speciic Data of the Dicde Laser
Charge 022084 Diode 051201
(0987/1105)
Header SOT Header Number BAT714
x at 80mWinm 1078.36  Stripe Width/um 3
Threshold Current/mA 23 Slopel WIA 086
Temperature/°C 25
Maode Structure fundamental mode
Laser Class 3B safety standard
Header (rear view)
. - i 2
- -y
. | A
Shprem L
Packed: L= MK BB
| J
Signature. ....\K_r\&.......,.v...u. s

hitp://www eagieyard com

Page 12y
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) Measurement
A eagleyard Results
PO T EINTED -
Data of e Dicde Laser:
Charge 022084 Diode 051201
(0987/1105)
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ﬂm’mym. d Measurement

Deascrpion of the Laser Type

EYP-RWL-1080-00080-0750-SOT01-0000

specic Opta of 1te Dinde Laser
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Measurement
Aomm.g\m...n. Results

S MOTONIO S
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7 Measurement
eaglevard
UIM*D&.(.D‘ Results
Desorpion of the Laser Type
EYP-RWL-1080-00080-0750-SOT01-0000

Spacifc Data of e Diodde L

Charge 022084 Diode 051018

(0987/1105)

Header SOT Header Number BAT711

2. at BOmW/inm 1081.49  Stripe Width/um 3

Threshold Current/mA 20 Slopel! WIA 0.91

Temperatuwe/“C 25
Mode Structure funcamental mode

Laser Class 3B safety standard
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: Measurement
(eagleyard Results

TN IS ™

Data ol the Dode Laser
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(eagleyara

PO TONIOS

Dwscrption of e Laser Type

EYP-RWL-1080-00080-0750-SOT01-0000

Sgochc Dats of the Doe Laser

Charge 022084
(0987/1105)

Header SOT

3 at 80mW/inm 1080.52

Threshold Current/mA 21

Mode Structure

Laser Class 38 safety standard

Header (rear vew!

http:/iwww.eagleyard.com
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Measurement
Results
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Slope’ WIA 089
Temperature!*C 25

fundamental mode

Srgmant
Packed. 11 AR N
Signature: . ..A.\_mg..x e S

Fage 1121

102

Thursday, October 8, 2009



103

. Measurement
A eagleyard Results
= 0. .1. COoONITOo s
Opta of the Doce Laser
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PHMOTONICE WS

Descripoon of the Laser Type

Measurement
Results
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Measurement
Ammm.mém..n Results

IO TN N

Oota of the Diode Loser
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Q& Measurement

Descrgten of Ba Lavw Tyow
EYP-RWL-1080-00080-0750-SOT01-0000
Seectic Duts of the Diode Laser
Charge 022084 Dicde 051013
(0287/1105)
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Measurement
Aomm_wu\ma Results

sHMOoOTOMNIOCS

Owa of e Dode Laser
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F--characierstic
€0 . Y T Y T 29
i 21 ma T=25"C
B0 3 1360mW 108 ma . 1.5
. Skpe 080 WWB 120
03 M.
Wmn\‘ \. mw o
L ~
= 5p ] \)\\ m -1.05
kY [ _ﬂ 3 2
240 2t &
: g | §
X = t & Los
20 \.\\\l —— n
10 g we Phato Cument A = 100052
—
04 - v - ng. r 'y -Q0
0 20 40 80 80 100
Cumert ! { mA
Sgectrum
" Te25°C
™ 108057 nm
ol P = 80 mW
30 +
m 404
m £0 -
: |
£0 +
0 t‘ R R
S0 4 N e — g —— —————

1076 1077 1078 1079 1080 1067 1062 1083 1004 1088
wivslengih o (e
Page 202x

107

Thursday, October 8, 2009



aﬂa Measurement

PHOTONIOS Results

Doscription of 1he Laser Type

EYP-RWL-1080-00080-0750-SOT01-0000

Spechic Data of the 0o Laser

Charge 022084 Diode 051012
(09B87/1105)

Header SOT Header Number BAT706

» M B0mW/nm 1082.49  Stripe Width/um 3

Threshold Current/mA 20 Sloped WIA 086

Temperature!*C 25

Maode Structure fundamental mode
Laser Class 3B safety standard
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Measurement
A eagleyard Results

MO TOMN IO N

Dona of e Dwode Laser
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. Measurement
eagleyard
..Im:...z.au Results
Dascrpton of the Lassr Type
EYP-RWL-1080-00080-0750-SOT01-0000
Spactc Data of e Diooe Laser
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(0987/1105)
Header SOT Header Number BA705
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Mode Structure fundamental mode

Laser Class 3B safety standard
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Measurement
Aomm_oﬁ..d Results

MO TYTOMNIC N

DoR of e Tiode Laser.
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ﬁl’ Measurement
eagleyard
u...nm:oz.nn Results
Owacription of o Laser Type:
EYP-RWL-1080-00080-0750-SOT01-0000
Seechc Data of the Diode Laser.
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Measurement
A eagleyard Results
P MO TTOMNYYO S
Dot of e Do Lasn
Charge 022084 Diode 051004
(0987/1105)
Header SOT Header Number BA704
Data:
Pd-charsciemic
&0 — ——p——y 25
T 19 mA T=235°C
BOY \gB0mW 104 mA \ . 15
70 Skpe 052 WA 20
I 3 M
S ED N
s \‘ . . ". . c.uw
o S0 E ["Ya
| - o
U&ﬁ; . w ! w
m : - o
303 " £ los
w .\\\ a - 0.9
s - -
SM Prate Cament R = 10000 |
— O
—U_ Y Y ! 9 ! 3 m... ro 0
0 20 a0 80 80 100
Curerct |l imA
Sgecrum
Q - A L 4 B 4 v T L 4 L 4 4 L 4
1 Te 25°C
10 4 \_= 1078.0% nm
20 Pz B0
e -30 -
B .40 -
M 50 +
(=8
80 -
70 ' q.v
40 T T —r T
1074 1075 1076 1077 1078 1079 1080 1081 1082 1063

wavelergth 2/ nm

Fage 212)

113

Thursday, October 8, 2009



%«d Measurement

PHOTONIOS Results

Duscnption of toe Laser Type

EYP-RWL-1080-00080-0750-SOT01-0000
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Laser Class 38 safety standard
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Measurement
A eagleyard Results

PHMOTYTOMNICS
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LFCR Pressure Dependence Test 07.02.2008
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—=— LFCR1 Array 1.1
LFCR Pressure Test —= LFCR1 Array 1.2
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Laser output drops down between 15 ~ 30 % at high vacuum conditions
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—8— LFCR 4 Array Ch.[0).[1]
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—a— LFCR 5 Array Ch.[0].(1]
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LFCR: Vibration Setup

LFCR Unit #3: Passive Vibration (6.8 g, X-Y-Z direction)
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0

nREE
UseM

TVT Set-up

NIM/LVDS

Trigger Generator

« IR(1082 nm) Laser Driver = M-Crate (LDDR)

« Calibration with Photo Diode Box ( 5 x Ch. Amplifer)
Inter-Calibration with Power Meter (Newport 1825C)

« Thermal Vacuum Test: +10 ~ +30 °C

Control Range: Current = 20 ~ 60 mA, Width = 0.5 ~ 2 us

Ethernet

127
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TVT : LFCR Unit 3 After Repair

Hot « LFCR3DTS[1]

— 7T, (P RS S IN— [ L | o LFCR3DTS[1]
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g. 20 | =
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0 —._ C10|d e — i L e — —

01:00 13:00 01:00 13:00 01:00 13:00 01:00

11:36 25.04.2008 15:01 28.04.2008

Temperature Profile during TVT : +10 ~ +30 °C

based on the TRD thermal model
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LFCR3 Array 1.1 New Optic Splitter
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2 00 : 13 00

01:00 13:00 01:00 13:00 01 00
Elapsed Time [HH:MM]

[20,30,40,60 mA], pulse width = 0.5us, 2 us
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LFCR3 Array 1.4 New Optic Splitter

[mV]

PhotoDiode

Pulse Height

Test Condition: Current = [20,30,40,60 mA], pulse width = 0.5us, 2 us

Soet Curremt= 20mA, Width= 05us SetComrent = 30 mA Wigth= 05 s
O LFCR2 Array[1)[(3] tAmp = E3. 756 + 8126 mV/| O LFCRS Array[1)[4] [Amp = 171457 © 18 £65 mV)
1200 T -
SetCurent= 40mA, Width= 0.5u¢8 Se1Cument = EOmA. Wigth= 05us
1 0 0 0 FORE Array[1] 4] (Amp = 250 520 = 22 756 mV) S] LECRD Aay[1)[2] |Amp = 426 042 = 2D 4058 mY)
i
21 Se1Cument = 30 mA Wiglh= 20us
800 |
r : :
| H Ot : ; A LFCHR3 Amay[1][4) [Amp = 584,286 = 50.862 mV)

Cod

| FYRTYTS 3 l }.

I .

01:00 13:00
Elapsed Time [HH:MM]

0
01:0

Thursday, October 8, 2009

131



LFCR3 Array 0.1

Sei1 Cumrent =

LFCRS Array 0] 1] 1AMp =

20mA, Wiglth= 0Sus

[mV]

LFCR3 Array[0][1] [Amp =

SetCoumret = J0mA Winth= G50 s

115.099 = 13.254 mV)

4425304 © 2R 750

W) |

SetCurrent= 30mA VWdth= 0S5u s
LFCR3 Armay(D)[1] (Amn = 232 207 = 32037 mV/)
| I |
Set Curent = G0 mA, Width= 05a s '
4
{
1 - - m~ara - - o | =1
o LFCR3 Arrayf0)1] (Avnp = 567.750 = 80.944 mV') o

PhotoDiode
o0
o
o
i Ti.l 1"
v:‘T}
¥
3
| 4

Pulse Height

#1\

,vrk
. r
LS
r J

"{“‘—'
[

Sal Carant 30 mA, WidL Z0ps
/‘ J"'\ {-«"“L

P sl |
?" !‘A% r#.zgz‘% ";’"} f:”_j.

13.00

Test Condition: Current = [20,30,40,60 mA], pulse width = 0.5us, 2 us

okttt
Elapsed Time [HH:MM]
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LFCR3 Array 0.4

[mV]

PhotoDiode

Pulse Height

Test Condition: Current = [20,30,40,60 mA], pulse width = 0.5us, 2 us

1200

1000

800

600 [ _

400

200

Sot Current= 20 mA Width= 08us

L)

LFCRA Array[0]|4] (Amp = 59071+ 10.422 mV)

Set Curent = 40 mA Widlh= 05 s

_FCRI Array[0114) (Arp = 224.072 = 34 353 v’

Set Cormant = S0DmA Wadtih= D50 =

O LFCRA Arrayf0)J4] (Amp = 147,858 = 23,009 mV)

SelCurrgnt = G0mA Width= 05u s

a LFCR3 Array(D)[4] (Amg = 357.E0E = §6.732 mV)

o [

4.

Sel Carrent = 30 ma Wath= 200 s

i

A LF CH3 Array O)[4] (Ame = 523 160 = 72403 mV/) l:
|
.

i |

WMOi

fd&w

Elapsed Time [HH:MM]
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LFCR3 Array 1.1 New Optic Splitter

[mV]

PhotoDiode

Pulse Height

600

500

400

300

200

100

Set Currert= 20 mA, Width= 0fus

LFCR3 Array 1.1 (Amp = 74.710 £ 6132 mV)

T
e Set Currert= 30 mA, Width= O0fus SetCurrent= B0 mA, Wdth= 05ns
— LFCRZ Array 1.1 (Amp = 150811+ 8.446 mV| LFCR3 Array 1.1 (Amp = 369.287 £ 23.702 mV)
L. : =)
L_oraoscces e T e eessheeeresssesssmemsmesssmmssssrsas banmssmesssmmassmsssssmensamsnsanisssmsesmassamsnsnessecsces NSSR - ..ocoe.... =]
[ ol T (¢SO | (S ' T T S T

SetCurrent = 4D mA, Width= OS5 s

LFCR3Armay 1.1 (Amp = 226620 £ 14781 mV)

Temperature °C
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LFCR3 Array 1.4 New Optic Splitter

Set Current= 20mA, Width= 05us Set Current = 40 mA, Width= 05u s
o LFCR3 Array 14 (Amp = 82.517 £ 5.834C mV/) A LFCR3 Array 1.4 [Amp = 265467 1+ 18.744 mV)
>" B Set Currant= 30mA, Width= 05us Set Current = 60 mA, Width= D5u s
E B O LFCR3 Array 14 (Amp = 1€8.854 + 12410 m\')§ v LFCR3 Array 1.4 [Amp = 410045 + 32088 mV)
bt 500
D — =2
L®) - ol
2 E S
o 400
®)
L
Qo
o
- 300 [
i e
2
) 200
(<)
7 100 |-
—
a

Temperature °C
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LFCR3 Array 0.1

Set Current = 20 mA, Width= D5us

@ LFCR3 Arrzy 0.1 (Amp = 114.357 + 10.766 mV/)

Set Current = 40 mA, Width= O5us

A LFCR2 Array 0.1 (Amp = 337162 £ 45171 mV)

T ——

Set "gJurrent = 60 mA, V‘.{ldtr‘ = 05us

........................................................................

800 r
; — Set Current= 30mA, Width= 05us
E 700 e ] LFCR3 Array 0.1 (Amp = 228 83€ + 20,407 mV)
Ell :
w -
©
S
(-
Q
~—
Q
=
o
eped
—
O
(«b)
= =
QL
n
-
R

—

—

+ 76240 m\)

Temperature °C
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LFCR3 Array 0.4

Set Current = 20mA, Width= D5un s Set Current = 40 mA, Width= OS5u s

© LFCR3 Array 0.4 (Amp = 67.6411 8.565 mV) & LFCR3 Array 0.4 (Amp = 220156 £ 30.755 mV)

- 800
> Set Currert = 30 mA, Width= 0&us Set Current = 60 mA, Width= 05us
IEI 700 :_ o LFCR3 Array 0.4 (Amp = 144.0356 + 20.454 mV) v LFCR2 Array 0.4 (Amp = 361 314 £ 549077 mV)
Q 25
©
S
Q
Q
-
o)
N o
(a
whed
L
=)
T
j<b)
2
—
i

Temperature °C
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LFCR3 Array [0.1][0.4][1.1][1.4]

200

[mV]

180
o 160
8
g 140
£ 120
L
=%~ 100
L
D 80
T 60
g 40
5 20
o

0

SetCurrent = 20 mA, Width= O5us

LFCR3Array 0.1 (Amp = 114 357 £ 10.766 mV)

T 1 1 T T 1 L L . L=CR3 Array 0.4 (Amp = 67.€41+ 8.565 mV)
.......................... LECR3 Array 1.1 (Amp = 74,710 €.132 mV)

LFCR3Array 1.4 (Amp = 82.817 £ £.820 mV)

5

10 15 20 25 30 35
Temperature °C

Current = 20 mA, Pulse width = 0.5us
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LFCR3 Array [0.1][0.4][1.1][1.4]

SetCurrent= 30 mA, Width= Ob5us

400
> -
j; 3505—
@ =4
g 300}
S 250f
2 -
& 200
< :
S 150F
Q =
L 100F
? :
S 50
a

T T ] 1 1 1 L : LFCR3 Array 0.4 (Amp = 144 935 + 20454 mV)

L=CR3Array 1.1 (Amp = 150811+ 2.449 mV)

........................................................................................................

.................................................................................................................................................................................

5

10 15 20 25 30 35
Temperature °C

Current = 30 mA, Pulse width = 0.5us

LFCR3 Array 0.1 (Amp = 228 835 + 20407 mV)

L=FCR3Array 1.4 (Amp = 168854 = 12410 mV}
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LFCR3 Array [0.1][0.4][1.1][1.4]

[mV]

PhotoDiode

Pulse Height

600

500

400

300 [

200

100

0

SetCurrent = 40 mA, Width= Ob5us

LFCR3Array 0.1 (Amp = 337162 £ 45171 mV)
LFCR3 Array 0.4 (Amp = 220.155 + 30.755 mV)

LFCR3Array 1.1 (Amp = 226620 £ 14781 mV)

L=FCR3Array 1.4 (Amp = 255467 = 18.744 mV}

W/ 0. phptépdio,de gaiﬁn po,rrec,tic%n, ,

1 I 1 1 1 I 1

5 10 15 20

25 30 35
Temperature °C

Current = 40 mA, Pulse width = 0.5us
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LFCR3 Array [0.1][0.4][1.1][1.4]

SetCurrent = 60 mA, Width= O5us

LFCR3 Array 0.1 (Amp = 549621+ 76.240 mV)

;‘ 1000:1 1 | 1 1 | | R | | | — . L=CR3 Array 0.4 (Amp = 361314 £ 54977 mV)
E 900 ; ....................................................................................................... LFCR3 Array 1.1 (Amp = 369287 + 23.702 mV)
Ed - LFCR3Array 1.4 (Amp = 419.045 + 32068 mV)
o 800F
'g =
£ 600F
: —
i =
S  400F
m ==
£ 300
@ 200 F
X =
: 100 = SRR A At et . ....................... . .......................... . ................................ .......................... _:
o w/o. photodiode gain correctign, . | T

05 10 15 20 25 30 35

Temperature °C

Current = 60 mA, Pulse width = 0.5us
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LFCR3 Array [0.1][0.4][1.1][1.4]

1000
200

[mV]

700
600
500
400
300
200
100

0

PhotoDiode

Pulse Height

800 F

............................................................................

............................................................................

SelCurrent = 30 mA Width= 20us
LFCR3 Array 0.1 (Amp = 717.115 2 8£.831 mV]
LFCR3 Array 0.4 (Amp = 514,501+ 63.538 mV)

LFCR2 Array 1.1 (Amp = 566 950 + 35 840 mV/|

LFCR3 Aray 1.4 (Amp = 586.620 £ 35.689 mV|

LAl il

5 10 15

Current = 30 mA

w-

20 25 30
Temperature °C

, Pulse width = 2.0us

5
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PhotoDiode

-
o
o
o

500

Pulse Height

LFCR

Before SQ Test

_8_

Unit 3

IIIIIIIII|II

|

TIII'I

l

| | | ! | | I | | | |

l I l

._.j_*._
V-

LFCR 3 Array Ch.[0].[1]
LFCR 3 Array Ch.[0].[2]
LFCR 3 Array Ch.[0).[3]
LFCR 3 Array Ch.[0].[4)
LFCR 3 Array Ch.[1].[1]
LFCR 3 Array Ch.[1].|2]

LFCR 3 Array Ch.[1].(3]

- & LFCR 3 Array Ch.[1].|4]

n s , : .

/!” 73 After Vibration After TVT

{;e’,: 3 LFCR 3 Array Ch.[0].[1] --£+-- LFCR 3 Array Ch.[0].[1]
P : LFCR 3 Array Ch.[0].[2) LFCR 3 Array Ch.[0][2)
# LFCR 3 Array Ch.[0].[3] LFCR 3 Array Ch.[0].[3)
o LFCR 3 Array Ch.[0).[4] | | - © - LFCR 3 Array Ch.[0].[4]
s - LFCR 3 Array Ch.[1].[1) - a-- LFCR 3 Array Ch.[1].[1)
m - LFCR 3 Array Ch.[1].[2] - #- - LFCR 3 Array Ch.[1].[2]
s LFCR3Array Ch.[1].[3] s LFCR 3 Array Ch.[1].[3]
® - LFCR 3 Array Ch.[1].[4] - - LFCR 3 Array Ch.[1].]4)

|F’ulse Wiqth =2 s1 PD Ch.4

[ | | 1 l L | 1 | |

20 40 60 80 100 120 140
Laser Driver Current . [mA]

No damage/degradation of LFCR Unit #3 from a series of SQT
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